Background Non-medical prescription-opioid (NMPO) use has been declared a national epidemic in the US. Opioid misuse is associated with substantial physiological, psychological, and concomitant economic implications. NMPO use among adolescents warrants special attention given its prevalence and the high risk of addiction. Objectives Our objectives were to: (a) identify factors associated with adolescent NMPO use after controlling for misclassification, while simultaneously identifying characteristics that affected the likelihood of misreporting use; and (b) identify factors associated with an individual misusing their own versus a diverted prescription, and the likelihood that the prescription source was misreported.
Introduction
The prevalence of non-medical prescription opioid (NMPO) use in the US has grown dramatically since the late 1990s. Recently, the White House Office of National Drug Control Policy [1] declared NMPO use a national epidemic. And though it is most prevalent in the US and Canada, it is becoming an increasingly large international issue [2] . In the US, NMPO use is second only to marijuana in terms of substance use and initiation [3] , with associated social and health-care costs estimated to be in excess of $90 billion (2012 USD) per year [4, 5] . The physiological consequences associated with opioid misuse include addiction, overdose, diminished cognitive functioning and hyperalgesia [6] [7] [8] . Opioid misuse has also been linked to adverse sociological effects such as increased criminal activity, lost workplace productivity, increased use of public welfare programs [4, 5] and more recently, adolescent violence [9, 10] . Murphy et al. [10] found that among adolescents the association between prescription opioid misuse and violence held, regardless of whether the individual was misusing his/her own prescription or a diverted prescription.
As early as 2001, The College on Problems of Drug Dependence Taskforce on Prescription Opioid Abuse highlighted the need to identify at-risk groups in order to create targeted prevention programs [11] . Doing so ensures that resources employed to diminish opioid misuse are used efficiently. Adolescent opioid misuse likely warrants special attention given the relatively high rate of use among this group [12] and the fact that many youths will become addicted and sustain their use into adulthood [13, 14] . However, there is relatively little research pertaining to NMPO use by this subpopulation [15] . Moreover, the most viable approach to consistently and comprehensively identify misuse among younger populations is through survey techniques.
When a survey pertains to stigmatized activities, such as opioid misuse, the results may suffer from social desirability bias; that is, individuals may underreport such activities, in which case those responses would be considered misclassified. Misclassification may also be an issue if respondents claim to have misused opioids when in fact they did not, possibly due to the belief that they would be viewed as ''cool'' by their peers for using it. In addition, misclassification may occur among those who admitted to misusing prescription opioids, but who were reluctant to identify the source of the drug. For example, some individuals may be reluctant to claim they obtained the medication illegally, or may claim they misused a diverted prescription because, again, they believed their peers would view this as ''cool''.
Studies assessing the validity of self-reported measures of opioid use have been limited in scope, primarily focusing on comparing self-reported measures to data obtained from the patient's medical records [16, 17] . While medical records may contain some unique information about legal access to opioids, they frequently say very little about the actual use of legally obtained medications or the misuse of diverted prescriptions. Moreover, these studies found low sensitivity of opioid prescriptions (the proportion of patients who reported the use of a medication that was also recorded in their medical record) relative to most other therapeutic classes examined. This suggests that illegal opioid misuse may be a much larger issue than with other medications, and one that is insufficiently examined in the literature.
An alternative to comparing survey responses to patient medical records is to apply advanced statistical techniques to survey data to directly estimate the impact of misclassification. Recently, Tennekoon and Rosenman [18] identified an econometric (regression-based) approach that both quantifies the extent to which misclassification impacts survey results and the extent to which certain covariates impact the propensity for responses to be misclassified. The primary objective of this study was to apply the Tennekoon and Rosenman methodology to self-reported data on adolescent NMPO use, which allowed us to identify risk and protective factors associated with it while controlling for and estimating the extent of misclassification. At the same time we were able to identify characteristics that increase the likelihood of misreporting. The secondary objective of the study was to identify factors that significantly affect the likelihood of an individual misusing his/her own prescription versus a diverted prescription, as well as the likelihood that the source of the prescription was misreported. Students received one of three different survey forms, but only form A contained questions related to opioidanalgesic misuse. Survey form A was designed to heavily reflect both the University of Michigan's Monitoring the Future survey and the Center for Substance Abuse Prevention's Communities that Care survey, and was given only to students in grades 8, 10 and 12. The total number of observations associated with form A was 10,672; 9,990 of which answered the questions pertaining to NMPO use. As with most self-administered surveys, missing or incomplete covariate information was an issue. For example, 3,262 students either did not answer the questions pertaining to the levels of education obtained by their parents, or stated that they were unaware of the levels. Another 331 respondents failed to provide an answer to the question of whether they had ever used prescription pain medications to get high. An additional 765 observations were missing information in the remaining variables of interest. To fulfill the second objective of the study, a subsample of adolescents who had admitted to misusing opioid analgesics was analyzed. This subsample consisted of 1,455 individuals who provided information on NMPO use.
Methods

Sample
Measures
The outcome measures of our two models are binary variables indicating (i) whether the respondent self reported that they had ever used an opioid analgesic ''to get high'', and (ii) if so, whether the source of the pain medication was the youth's own prescription. Potential predictors of our outcome measures were chosen according to the extant literature on adolescent nonmedical prescription medication use [15] to represent the seven domains identified by Ellickson and McGuigan [20] as influential factors in the theoretical adolescent development literature.
• School bonds were represented by a binary variable indicating whether the respondent claimed to have enjoyed school ''often'' or ''almost always'' in the year preceding the survey, and an ordinal variable measuring the student's academic performance over this same time-span.
• Family bonds were represented by binary variables indicating whether the respondent enjoyed spending time with either parent; felt that they could speak to their parents regarding personal issues; and whether they believed their parents praised them when they had done something well ''often'' or ''all the time''.
• Measures of other problem behaviors included a binary variable indicating whether the youth claimed to have used alcohol, marijuana, nicotine, or other substances (e.g., cocaine, methamphetamines, Ritalin Ò , inhalants, etc.) at least 6 of the 30 days prior to the survey, and an ordinal variable measuring gambling frequency in the year prior.
• Exposure to deviant social influences was represented by a binary variable indicating whether the respondent believed they would be seen as ''cool'' if they smoked cigarettes or marijuana, or consumed alcohol regularly; and a binary variable indicating gang affiliation in the year preceding the survey.
• Personality and attitude measures included binary indicators of whether the adolescent, in the year prior to the survey, had experienced feelings of major depression, ''seriously considered'' suicide or had felt that they should seek professional help to address their substance use, and an indicator of whether the youth generally participated in supervised after-school activities.
• School and neighborhood characteristics included binary variables indicating whether the student felt there were plenty of opportunities to speak privately with a teacher; the school stayed in contact with parents to let them know when the student had done something well; the adolescent enjoyed their neighborhood; the youth believed that they had an adult in the community they could confide in; the respondent had been bullied either one to three times, or on a weekly basis in the 30 days prior to the survey; the student was aware of a school-based counselor (or other professional) they could talk to about substance use; and whether the area in which they resided was considered urban.
• Demographic and socioeconomic factors included the respondent's age at the time of the survey; gender; race; and, as a proxy for household socioeconomic status, a binary variable indicating whether either of the youth's parents had graduated from a 4-year college. [21] . Moreover, the sample did not require weighting or stratification given that the schools were selected using simple random sampling. Based on these findings, it is reasonable to conclude that the survey and its resulting data (since little changed in the 2008 survey's research and administration designs from previous years) are representative of youth in Washington State public school system. In order to assess whether our results might generalize to adolescent populations outside of Washington State, we used simple t-tests to compare several key measures from our sample to those obtained from a weighted sample of the 2008 National Survey on Drug Use and Health (NSDUH). An additional consideration concerns missing values in the Healthy Youth Survey data. If students with specific propensities regarding NMPO use are more or less likely than other students to avoid answering specific survey questions, eliminating these missing observations without properly adjusting the statistical model may bias its parameters estimates. To examine this issue, we followed Little [22] and tested the missing observations completely at random assumption. As noted below, the Chi square test rejects that hypothesis [22] . Hence, a second adjustment, including indicators of missing observations for specific variables, was added to the empirical model to account for this possible source of bias [23] .
We estimated our models using maximum likelihood estimation for systematically misclassified binary dependent variables. We provide only a brief description of the technique here and in the Technical Appendix as the details of the approach are discussed elsewhere [18, 24] . The approach, which was formalized by Tennekoon and Rosenman [18, 24] as an extension of Hausman et al. [25] , controls for misclassification in a binary-dependent variable while simultaneously estimating the probability that an observed value of 0 should have actually been coded as a 1, and vice versa. This technique allows these misclassification probabilities to be a function of multiple covariates. The addition of the misclassification parameters alters the likelihood function in a clear, structural way. Modeling the misclassification probabilities as a function of covariates also alters the likelihood function in a known way. Therefore, with sufficient data, we are able to estimate all of the parameters in the model, including those affiliated with the misclassification probabilities. Essentially, the model identifies observations that that are similar to those that predict a given outcome (e.g., Y = 1), but actually have a different outcome (e.g., Y = 0), at which point the probability that the dissimilar observation is a misclassified outcome can be estimated, as well as the total proportion of misclassified responses. Several, related comments about the Tennekoon and Rosenman methodology are in order here. First, some covariates may be included in both the general response function and the response functions that predict misclassification. This makes the calculation and interpretation of the magnitudes of the parameter estimates (usually accomplished via odds ratios or marginal effects) cumbersome. As a result, this manuscript focuses on the estimated signs and significance of parameter estimates. Statistical significance was assessed using the traditional 5 % level.
The probability that a youth had ever used an opioid analgesic to get high was modeled as a function of the independent measures in the seven domains described above; this is hereafter referred to as Model 1. There is little prior information regarding potential predictors of misclassification in self-reported opioid misuse. Based on variables that often underlie social desirability bias, the probability that an observed value of 0 should have actually been coded as a 1 (i.e., that the respondent claimed not to have ever used a prescription pain medication to get high, but actually did) was modeled as a function of the respondent's demographic and socioeconomic characteristics, their substance misuse in the 30 days prior to the survey, whether they felt they could confide in their parents, and whether they believed their parents praised them when appropriate. The same factors were included in the specification of the probability that an observed value of 1 should have actually been coded as a 0 (i.e., that the respondent claimed to have used prescription pain medication to get high, conditional on the fact that they actually did not), as well as the indicator of whether the youth believed they would be viewed as ''cool'' if they used cigarettes, marijuana or alcohol regularly.
One advantage of our approach is that the signs and significance levels of the estimates for each misclassification probability can be used to determine significant predictors of misclassification, and to estimate a cumulative rate characterizing the probability of each type of misclassification.
The likelihood that an adolescent who claimed to have misused their own prescription versus a diverted prescription, hereafter referred to as Model 2, was also modeled as a function of the independent measures in the seven domains described above. Again, there is no extant literature guiding us to make additional a priori assumptions about potential misclassification predictors. Therefore, the covariates chosen for the misclassification portion of the model were the same as in Model 1. Table 1 contains the descriptive statistics for all variables in the final sample used for Model 1 and the subsample used for Model 2. We rejected the hypothesis that the data are missing completely at random, indicating that list-wise deletion would result in a sample of respondents that would Age is a categorical variable, where a value of 1 indicates an age B12 years, and 8 indicates an age C19 years not be representative of the sample of students associated with one of the state-selected schools. For example, a significantly smaller proportion of the non-missing sample (i.e. the sample that would result from using list-wise deletion) admitted to having ever misused prescription pain medications (0.15 vs. 0.20). Therefore, we addressed missing data via the dummy-variable adjustment method, where missing covariate values were imputed to the mean and binary indicators of missingness were included in the regressions [23] . Given that 29 % of the total sample of 9,990 observations was missing information pertaining to parental education, just under 8 % was missing information on one or both of the major depressive episode (MDE) indicators of suicidal ideation and feelings of depression, and 10 % was missing information in one of the other covariates, three ''missing'' variables were generated, one for each of these factors.
Results
Comparisons of several key measures between our sample and a sample obtained from the NSDUH indicate that a slightly larger proportion of our sample used prescription opioids for nonmedical purposes in the past 30 days (0.15 vs. 0.13, P \ 0.001), were female (0.51 vs. 0.49, P \ 0.001), and were white (0.61 vs. 0.59, P \ 0.001). Additionally, adolescents in our sample were slightly younger, almost 15 years of age, versus just over 15.5 years of age (P \ 0.001). The fact that the differences are statistically significant is not surprising given the large sample sizes; therefore, we believe that the similarities in these figures are worthy of note.
The regression results for Model 1 are presented in Table 2 . After adjusting for misclassification, those adolescents who had a parent with a minimum of a 4-year college degree, claimed to enjoy school, had relatively high grades and felt they had plenty of opportunities to speak with a teacher one-on-one, were significantly less likely to misuse prescription pain medications. Regarding substance use in the 30 days prior to the survey, youths who consumed alcohol, nicotine, or marijuana at least six of those days were significantly more likely to have engaged in NMPO use. Additional factors that increased the likelihood of prescription pain medication misuse were an increase in age; an increased frequency of gambling; gang affiliation; the belief that one would be seen as ''cool'' if they used cigarettes, marijuana or alcohol regularly; having been bullied on a weekly basis; suicidal ideation and the belief that one's substance use had reached a point where professional help would be required to address it.
The misclassification equations in Model 1 cumulatively predicted that, of those adolescents who actually misused pain medications, 35 % misreported by declaring that they had never misused prescription pain medications. Factors that significantly decreased the likelihood of this type of misclassification were having at least one parent with a minimum of a 4-year college degree and having used marijuana or other substances at least six of the 30 days prior to the survey. Individuals who failed to report the level of education obtained by their parents were significantly more likely to have misreported in this manner.
Cumulatively, only 0.5 % of respondents who did not misuse pain medications were estimated to have misreported their responses by claiming that they had misused prescription pain medications in the past. Individuals who had consumed other substances at least six of the 30 days prior to the survey were significantly more likely to misreport having engaged in NMPO use when they did not. Table 3 contains the regression results for Model 2. After controlling for misclassification, those who used marijuana or other substances at least six of the 30 days prior to the survey, those who believed they would be seen as ''cool'' if they used cigarettes, marijuana or alcohol regularly, and those who failed to report the level of education obtained by their parents were significantly less likely to misuse their own prescription, and by extension were more likely to misuse a diverted prescription.
Among those who declared they had used prescription pain medications to get high, 17 % reported they had misused a diverted prescription when in fact they likely misused their own prescription. Older youths and those who believed their parents praised them when appropriate were significantly less likely to have misreported in this manner, while white/Caucasian and female adolescents were more likely to misreport. An estimated 2 % of respondents reported that they misused their own prescription when in fact they likely misused a diverted prescription. Factors that were negatively associated with the likelihood of this type of misclassification were older age and having used marijuana at least six of the 30 days prior to the survey, which was marginally significant with a P value of 0.052. Adolescents who consumed alcohol six or more of the prior 30 days, and those with missing information in either of the MDE indicator variables were significantly more likely to have misstated that they misused their own prescription.
Discussion
Alcohol, nicotine and marijuana use, and the belief that one's substance use had reached a point where professional help would be required to address it, were among the strongest predictors of adolescent NMPO use. The findings of non-opioid-analgesic substance use are in line with those from the limited adolescent NMPO literature [15] . Youths who were older, gambled relatively frequently, were bullied on a weekly basis, were exposed to deviant social influences such as gangs and friends who would likely view substance use as ''cool'', and who had recently suffered from suicidal ideation, were also at an increased risk of misusing prescription pain medications. A number of studies from the relevant extant literature have also identified being female, peer norms and delinquency as risk factors for NMPO use [15] . Parental education, strong school bonds and having sufficient opportunities to speak privately with a teacher appeared to be potential protective factors for NMPO use. Others have also identified family socioeconomic status, for which parental education is a proxy, and school bonds as protective factors for NMPO use [15] . As discussed above, self-reported information on stigmatized activities such as opioid misuse are often misreported. In the case of substance misuse, social desirability bias would take the form of reluctance to report opioid misuse, while ''coolness'' might lead a youth to falsely claim to have misused opioids. To the best of our knowledge, this is the first study to estimate and control for potential misclassification associated with self-reported NMPO use. It is also the first to identify potential determinants of such misclassification. We found that social desirability bias was not the only form of misclassification pertaining to NMPO use among adolescents, although it was the most dominant. We estimated that 35 % of the respondents in our sample stated that they had never misused prescription pain medications, when in fact the statistical evidence is that they most likely had. From a policy perspective, the magnitude of this type of misclassification is concerning; conditioned on the statistical correction, a self-reported survey failed to directly identify over onethird of all individuals at risk for NMPO use. Moreover, we found that adolescents who had at least one parent with a 4-year college degree were less subject to this type of misclassification, as were those who had frequently engaged in the use of marijuana or other substances in the recent past. Participants who failed to report the level of education obtained by their parents were more prone to misreport that they had never misused prescription pain medications. Only 0.5 % of respondents claimed to have misused prescription pain medications when this was most likely not the case. Those who had recently used other substances were more likely to misreport in this manner. Roughly 27 % of those who stated that they had used prescription pain medications to get high claimed to have used their own prescription to do so. Substance use in the 30 days prior to the survey was a large predictor of prescription source. Adolescents who had used marijuana or other substances at least six of the 30 days prior to the survey, those who believed they would be seen as ''cool'' if they used cigarettes, marijuana or alcohol regularly, and those who failed to report the level of education obtained by their parents were more likely to misuse a diverted prescription than their own. Although several studies have examined the prevalence of drug diversion among adolescents, none appear to have assessed factors that influence the likelihood of abusing one's own prescription versus a diverted prescription.
Approximately 17 % of adolescents who claimed to have misused a diverted prescription likely misused their own. This form of misclassification was significantly lower among older adolescents and youths who believed their parents praised them when appropriate. White/Caucasian and female adolescents were more likely to misreport that they had misused a diverted prescription. An estimated 2 % of those who admitted to NMPO use claimed to have misused their own prescription, but, according to our analysis, most likely obtained it from another source. Similar to the findings associated with individuals misclassifying themselves as not having engaged in NMPO use when they actually did, youths who had recently used marijuana were less subject to this type of 
Strengths and limitations
The major strengths of this study were associated with the Healthy Youth Survey, which contained a comprehensive list of factors associated with adolescent substance use and delinquency. Moreover, this survey allowed us to not only identify youths who claimed to have misused prescription pain medications, but also to differentiate between those who misused their own versus a diverted prescription. Despite these strengths, the study also suffered from a number of important limitations. As is generally the case with self-reported data, the data suffered from missing information; however, our use of the dummy-variable adjustment method allowed us to utilize all available covariate information for each individual in the stateselected sample who had provided information on NMPO use [23] . Another limitation is that, although key measures from our sample were quite similar to those obtained from a weighted sample of the 2008 NSDUH, we are unable to generalize our results to adolescents outside of the Washington State public school system with a high level of confidence. However, given the socio-cultural heterogeneity that exists in the US (both on total and for the age cohort studied in this manuscript), combined with the fact that NMPO prevention efforts are most effectively designed and implemented at a regional or local level, an analysis of a single state's public school system strikes a reasonable balance between examining a population that is too small to be of interest to prevention scientists and policy makers, and not being so large as to ''average out'' risk and protective factors that exist in specific sub-populations. Nonetheless, this does suggest a need for future replications of our study within other areas of the US.
Two additional cautions are indicated by the nature of our data. The use of qualitative response variables forced us to categorize most of our covariates as binary variables. Other methods of data collection that allow for the collection of quantitative data (for both NMPO use and for the risk and protective factors that influence NMPO use) may generate more accurate and precise empirical estimates and inferences. Finally, the cross-sectional nature of the data limits our ability to make dynamic causal inferences; for example, whether NMPO use (and any possible misclassification in self-reported NMPO indicators) is growing or declining over time.
Conclusions
The misuse of prescription pain medications is a serious issue with major physiological, psychological, and concomitant economic implications. The prevalence of NMPO use among adolescents, in conjunction with the high risk of addiction, makes them a sub-population worthy of targeted prevention efforts. However, few comprehensive studies on the risk and protective factors associated with adolescent NMPO use exist. Moreover, the majority of these that do exist are atheoretical, and all rely on self-reported data that, if our results generalize, likely suffer from misreporting bias. This study was the first to identify risk and protective factors founded in the theoretical adolescent development literature, while controlling for and estimating the degree of misclassification associated with these responses, and identifying factors associated with the likelihood of misclassification. The same was done for the source of the prescription (i.e., whether it was the respondent's own or was diverted). Such information is critical to focused prevention efforts.
